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Abstract 
The chain extended polyurethane was synthesized by reacting castor oil based polyol with 4,4’-methylenebis(cyclohexyl) isocyanate and 
chain extender such as malonic acid. The composites have been fabricated by incorporating the coir fiber into the neat polyurethane. The 
polyurethane and its composites were characterized with respect to their mechanical properties such as hardness, tensile strength, 
percentage elongation and Young’s modulus. The morphology of neat polyurethane and its composites with coir fiber was studied using 
scanning electron microscope (SEM). These studies revealed the high performance character of the polyurethane composites with respect to 
the corresponding neat polyurethane. 
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INTRODUCTION  
In this work polyurethane composites based on renewable resources (castor oil) was selected to be the matrix [1]. Castor oil is a low-
cost, abundantly available and renewable raw material. It is clear, almost colourless or pale yellow coloured viscous oil. It constituted 
almost entirely (ca. 90%) of triglycerides of ricinoleic acid. This triglyceride contains hydroxyl groups in its chain which react with 
isocyanate groups to form urethane links and it is used for making polyurethane elastomers [2], polyurethane foams [3], castable 
polyurethane [4,5], millable polyurethane [6], adhesives and coatings [7]. Due to the presence of the reactive hydroxyl functional 
groups, it can be used as a polyol to develop new and ‘‘green’’ macromolecular architectures [8-11].  
Natural fibers can serve as reinforcement by improving the strength and stiffness and also by reducing the weight of the resulting 
composite materials, although the properties of natural fibers vary with their sources and treatments [12,13]. Coir is the thickest and 
most resistant of all commercial natural fibres exhibit high tensile strength, high toughness, low density and recyclable [14]. It is 
environmental friendly, biodegradable, abundant available and cheap [15]. Its versatile nature allows a multitude of applications 
including brushes, twine, geotextiles, planter pots, upholstery and rugs [16]. 
Experimental          
Materials 
Castor oil was procured from local market, methyl ethyl ketone and malonic acid were received from Merck, Mumbai. 4,4’-
methylenebis(cyclohexyl) isocyanate and dibutlytin dilaurate were received from Aldrich Chemicals, USA. The chemicals were used 
as received. Coir fiber was obtained from local sources. The coir fibers were cleaned initially and dried in atmosphere for one day and 
then kept in oven at 50
o
C to remove the moisture. After coir fibers were treated in 10% NaOH solution for 1 h followed by washing 
with distilled water and drying for 24 h at 60
o
C. The dried fiber was cut into 5 mm length prior to use.  
Methods 
Tensile strength of the neat polyurethane and its composites were determined using House field test equipment as per ASTM standard 
D6100. Shore A hardness were determined as per ASTM standard D2240. Hardness tester durometer was used. Scanning electron 
microscope (SEM) studies were conducted (ESEM-Quanta 200, Fei) to study the morphology of the composites. 
Preparation of chain extended polyurethane and its composites with coir fiber 
The preparation of chain extended polyurethane involves a two-step procedure. In the first step, pre-polyurethane was obtained by 
reacting 2 mol of isocyanate with 1 mol of castor oil dissolved in methyl ethyl ketone. The reaction was carried out in a three-necked 
round-bottomed flask equipped with a reflux condenser at 80
o
C for 1 h under N2 atmosphere (Scheme 1). In the second step, 1 mol of 
malonic acid was added into the formed pre-polyurethane and the reaction was carried out with continuous stirring at 80
o
C for 30 min. 
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The obtained chain extended polyurethane (CSPU) was poured into the glass molds coated with silicone realizing agents to cast the 
neat polyurethane sheet (Scheme 2) and analyzed.  
The composites (CSPU 5% and CSPU 10%) have been fabricated by incorporating the coir fiber (5% and 10%) into the obtained 
chain extended polyurethane. The reaction was carried out at room temperature in the presence of catalyst dibutyltin dilaurate. The 
polymer was allowed to cure for 2 h in a flat surface without any disturbance. The polymer was again cured in a vacuum oven at 80°C 
for 12 h. Thus obtained composites have been analyzed. 
 
Scheme 1: Formation of pre-polyurethane 
Scheme 2: Formation of chain extended polyurethane 
RESULTS AND DISCUSSION 
The mechanical properties such as shore A hardness, tensile strength, percentage elongation at break and Young’s modulus of neat 
polyurethane and its corresponding composites with 5 and 10 wt% coir fibers are given in Table 1. The coir fiber-reinforced 
polyurethane composites (CSPU 5% and CSPU 10%) have showed higher shore hardness, tensile strength and Young’s modulus 
compared to neat polyurethane (CSPU). The percentage elongation of coir fiber reinforced polyurethane composites found to reduce 
with increasing the coir fiber content. This can be attributed to the aromatic nature of 4,4’-methylenebis(cyclohexyl) isocyanate which 
imparts stiffness and strength properties [17]. 
Figure 1a (CSPU) show the scanning electron microscope of neat polyurethane has exhibited a layerlike structure with two phases. 
The two phases may be due to soft and hard segments of PU. Figures 1b and c (CSPU 5% and CSPU 10%) show the scanning electron 
microphotographs of polyurethane composites with 5 and 10% coir fiber showed fiber pull out from the polyurethane matrix during 
the course of crack propagation. Alhough there is a dispersion of fibers in the matrix, the majority of the fibers appear to be 
aggregated rather distributed uniformly.  
Table 1: Mechanical properties of polyurethane and its composites 
Polyurethane 
and its 
composites 
Shore A 
hardness 
Tensile strength 
(MPa) 
Elongation at 
break (%) 
Young’s 
modulus (MPa) 
CSPU 61 10.5 180 5.8 
CSPU 5% 75 14 161 8.6 
CSPU 10% 91 19.8 139 14.2 
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Figure 1: SEM images of (a) CSPU, (b) CSPU 5% and (c) CSPU 10% 
CONCLUSIONS 
The polyurethane composites obtained through incorporation of coir fiber into chain extended polyurethane showed increased tensile 
strength and Young’s modulus and moderate reduction of elongation at break. The fiber-reinforced polyurethane composites when 
compared to neat polyurethane were found to possess higher hardness and good mechanical properties. The SEM studies also revealed 
that the composites have improved mechanical properties compared to the neat polyurethane. 
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